The purpose of this work was to derive an equation for the rapid estimation of octanol solubilities of organic compounds. Solubilities ranging over 4 orders of magnitude were predicted with an average absolute error of 0.39 logarithmic units using melting point alone. The greatest error in prediction occurred for strongly bonded compounds.
INTRODUCTION
The octanol solubility of environmental and pharmaceutically relevant compounds plays an important role in determining their partitioning and absorption behavior. The accurate prediction of octanol solubility will allow for better modeling and understanding the fate of environmental and pharmaceutically prevalent compounds. Quantitative structure-property relationship (QSPR) schemes for the prediction of the octanol solubility may be attempted; however, their applications are limited to specific classes of compounds. 1 To date, no simple method has been established for the prediction of the octanol solubility and a more general approach is needed.
According to Liu et al, the solubility of a solid solute is not only dependent on the activity coefficient of the solute in the solvent but also on its crystallinity. 2 The mole fraction solubility of a solute in octanol (X oct ) can be described by
ΔH m and R denote the enthalpy of melting and ideal gas constant. T m and T denote the melting point and reference temperature in Kelvin. It should be noted that Equation 1 assumes the heat capacity change on melting is negligible. The first part of the equation accounts for the crystal contribution to solubility and γ oct represents the activity coefficient of the solute in octanol. In the case of liquid solutes, there is no crystallinity and the above equation is simplified to
in which the solubility of a liquid solute is limited only by the activity coefficient of the solute in octanol.
The Scatchard-Hildebrand equation can be used for the estimation of the activity coefficient of a solute in octanol. This equation assumes mixing is random, interaction forces are additive, interaction is between the centers of molecules, and the constant pressure change of volume on mixing is zero. 3 While these assumptions are generally useful, they are not applicable to strongly hydrogen-bonded compounds such as water. Using octanol, a weakly hydrogenbonded liquid, the Scatchard-Hildebrand activity coefficient of the solute is
where V 2 and δ 2 are the molar volume and solubility parameters of the solute, respectively, and δ oct and 8 oct are the solubility parameter and volume fraction of octanol, respectively. Although this equation is intended for nonpolar solutes, numerous variations that account for hydrogen bonding are available. However, as a first approximation, the use of this equation for polar solutes in octanol is reasonable. Combining Equations 2 and 3 leads to Equation 4:
In order to estimate the solubility of liquid solutes in octanol, the following generalization is made. Complete miscibility of liquid solutes in octanol is given a mole fraction solubility value of 0.5 (X L oct ). The upper critical solution temperature of 2 liquids (X 1 and X 2 ) occurs when X 1 = X 2 = 0.5. 4 This assumption was used by Hildebrand et al in the determination of the upper critical solution temperature.
Therefore, assuming that complete miscibility corresponds to a mole fraction solute solubility of 0.5, the volume fraction of octanol (Φ oct ) must also be 0.5. For complete miscibility (ie, X 2 ≥ 0.5) and a reference temperature of 298 K, Equation 4 becomes log ð0:5Þ ¼ − V 2 ⋅ ð0:5Þ 
The first part of Equation 1 accounts for the ideal crystalline solubility (X i ), which is a measure of the crystal contribution to solubility in an ideal solution. The ideal crystalline 
Equation 9 is further simplified by use of Walden's rule. The solubility of a crystalline solute in octanol can be determined from the product of the solubility it would have if it were a liquid and its ideal crystalline solubility. This expression is given by
where (S , the molar octanol solubility can be predicted by the melting point alone. It should be noted that the term in the parentheses cannot be less than zero. Therefore, for all compounds that melt below ambient temperature, the melting point is set to 25°C.
DATA COLLECTION
The miscibility of 32 common organic liquids with octanol was determined by mixing equal volumes and visually evaluating for phase separation over a 3-day period. All liquid solutes were of high purity (998%) and used as received without further modification or purification from the following companies: Sigma-Aldrich, St Louis, MO; Burdick and Jackson, Morristown, NJ; and AAPER Alcohol and Chemical Co, Shelbyville, KY.
The reported octanol solubilities of 123 compounds were taken from the literature. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The melting points ranged from below room temperature to 485°C and included environmentally prevalent compounds such as polycyclic aromatic Table 2 depicts the observed and predicted miscibility data of 32 common organic liquids with octanol. Predicted miscibility data were obtained by use of Equation 6 . It can be seen that complete miscibility occurs with solutes having solubility parameters ranging from 14 to 32 (J/cm 3 ) 0.5 . This range includes the range of 15 to 28 (J/cm 3 ) 0.5 , which is based on the assumption that a liquid solute has a molar volume near that of octanol.
Glycerin, formamide, and water have solubility parameters outside their calculated ranges of complete miscibility and are thus predicted not to be completely miscible with octanol. This was validated by the presence of 2 phases when equal volumes of these solutes were mixed with octanol. Table 3 depicts the melting points and the experimental and predicted molar solubilities of 123 compounds reported in literature. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The predicted values were obtained by use of Equation 12 . Linear regression analysis was performed with SPSS Version 10.0 (SPSS Inc, Chicago, IL). Regression analysis was based on 149 solubilities, corresponding to 123 reported solubilities and 26 miscible liquid solutes from Table 2 that lie in the theoretical range of complete miscibility. Mirex, the square point in Figure 1 was deemed a statistical outlier and not included in the regression analysis.
Linear regression analysis results in log S oct C ¼ 0:378 j 0:0099 ⋅ (MP j 25), which is in agreement with those of Equation 12. The average absolute error for the predictions for the entire data set was determined to be 0.39 logarithmic units.
The accuracy in predicting octanol solubility will be limited to the availability of reliable experimental data and the compounds having solubility parameters in the range of complete miscibility. The equation also does not account for the self-association of solutes in octanol.
The estimation of octanol solubility with the proposed equation uses Walden's rule for the entropy of melting. A literature search of entropies of melting resulted in 68 experimental entropies of melting taken from the work of Jain et al. 18 For comparison, octanol solubilities were estimated from Equation 12 and from the experimental entropies of melting. These values are presented in Table 4 . §Estimated octanol solubilities using experimental entropies of melting. ||Absolute errors determined from experimental octanol solubilities and those estimated by using 56.5 J/mol·K as the entropy of melting.
¶Absolute errors determined from experimental octanol solubilities and those estimated by using experimental entropies of melting.
The use of experimental entropies of melting resulted in an average absolute error of 0.36 logarithmic units as compared with 0.41, which was obtained by using 56.5 J/mol·K as the entropy of melting. Interestingly, for the compounds in Table 4 the entropies of melting values are close to the value estimated by Walden's rule.
CONCLUSION
A theoretical range of complete miscibility of liquid solutes with octanol was derived from the Scatchard-Hildebrand equation and validated with a group of common organic solvents. Molar octanol solubilities ranging over 4 orders of magnitude were predicted with a nonregression-based equation using melting point as the only molecular descriptor. The use of experimental entropies of melting resulted in only a slight improvement in predicting octanol solubilities for 68 compounds having melting points above ambient temperature. The equation in its current form is unable to account for strongly hydrogen-bonded compounds.
